Policy makers have to consider the sustainability perspective in strategic planning decisions. Identifyand measure the level of sustainability, through its three dimensions, is a priority. Therefore, the aim of this work is to present a new model, called GeoUmbriaSUIT, integrating Multicriteria Analysis and Geographic Information Systems, specifically developed for helping Decision Makers to take policy decisions about sustainability in planning. The model provides outputs which are easy to be understood by not experts; the evaluation path is traceable and transparent, thanks to back analysis.
Introduction
Sustainable development is the guiding principle to address policies and development strategies at global level (Griggs et al., 2013) . Every policy decision should be made taking into account not only the economic perspective, but at least also the social and environmental ones (Bohringer and Jochem, 2007) . Despite the consideration of new dimensions of sustainability for example the institutional, cultural and technological ones, the main effort should be to identify, understand and measure first of all the economic, social and environmental dimensions (Sala et al., 2013) . In addition to this, in the allocation of public funds for the development of human activities, decision makers should try to support those areas experiencing difficulties in achieving a balance between economic prosperity, social equity and environmental protection, and therefore requiring more urgent economic incentives to reach sustainability (UNCTAD, 2015) .
In order to achieve these objectives, decision makers need adequate technical support, since the basis of good decision making rests on ex ante evaluation, in progress monitoring and ex post evaluation. However, sustainability assessment is one of the most complex types of appraisal methodologies (Sala et al., 2015) .
Sustainability assessment can be developed using many different approaches, depending on the objectives, the scale and the scope (Cinelli et al., 2014) . As a result, the literature on this topic is growing, offering a wide variety of different approaches (Bond et al., 2012) . Some examples of models for sustainability assessment can be found in Boggia and Cortina (2010) , who developed a methodological approach based on multi-criteria analysis to assess sustainability in specific areas, Kropp and Lein (2012) and Lombardi and Ferretti (2015) , who produced aggregated indexes of sustainability, Lopez and Monzon (2010) , who proposed a MCDSS working with three different indices, and the United Nations model called "dashboard of sustainability" (2015) . Waas et al. (2014) identified four different purposes of sustainability assessment in a decision-making strategy for sustainable development:
-Information generation for decision-making.
-Operationalization and forum for participation, debate and deliberation. -Social learning.
-Structuring complexity.
Being a multi-dimensional concept, the assessment of sustainability is no longer based on a single indicator but on a set of indicators (Singh et al., 2012) , which are mostly focused on economic, social and environmental measures (Pollesch and Dale, 2016) . A basic requisite for a meaningful use of indicators and indices is the possibility to aggregate and make them comparable (Bohringer and Jochem, 2007) . As a matter of fact, the most appropriate tool for evaluating sustainability is a set of indicators, integrated in a tailored assessment methodology (). MultiCriteria Decision Analysis (MCDA) is one of them (Cinelli et al., 2014) .
MCDA assumes a central role in the multi-dimensional evaluation process. It is used to solve complex problems by assessing all the variables, both individually and collectively, and assigning specific importance to each one (Cortina and Boggia, 2014) . Thus, MCDA has been widely used to evaluate sustainability (Liu, 2007; Shmelev and LabajosRodrigues, 2009 ) and has been indicated as the appropriate tool for its assessment (Munda, 2005; Bond et al., 2012) . One of the current research challenges in sustainability assessment is moving from multidisciplinarity towards transdisciplinarity via interdisciplinarity (Sala et al., 2013) . MCDA is a typical transdisciplinary approach.
An important feature of sustainability assessment is its ability to provide decision makers with an evaluation of both global and local systems, considering short and long time reference periods, in order to determine actions to be implemented in a certain area (Ness et al., 2007) . The practice of ranking countries can be a way to stimulate decision makers to improve their position (Dahl, 2012) and therefore their national levels of sustainability. However, the evaluation cannot be solely at a national level, although it is perhaps the most significant one (Dahl, 2012) and the most applied in international fora (Canavese et al., 2014 ). Systems at a local level must be investigated in order to have effective and realistic evaluations of specific territorial contexts, and to determine sound planning actions. Sustainable development is considered achievable if it originates on the local level; a bottom-up approach from local to supra-national (Ravetz, 2000) . According to the European Union Policy, one of the most important drivers of sustainable development is the subsidiarity principle: the individual and the civil society must act freely, limiting the intervention of the institutions only when necessary.
1 Accordingly, the interventions must be made to the institutional level closest to the people, with the widest possible participation. Considering all these aspects, the aim of this work is to present our model for sustainability assessment at territorial level, called GeoUmbriaSUIT, which integrates the MCDA framework and Geographic Information Systems (GIS) (Massei et al., 2014) . Spatial MCDA and the creation of a multi-criteria spatial decision support system (MCSDSS) combine the data management of GIS with the judgment capabilities of MCDA (Massei et al., 2014) . A MCSDSS is part of the larger group of Spatial Decision Support Systems and it consists of three parts (Malczewski, 2010) : a geographical component (database and management system), a MCDA model-based system and an interface. How much the MCDA and GIS parts are integrated and the presence of a unique interface determines the level of integration of the system. Several authors (Chakhar and Martel, 2003; Laskar, 2003; Chakahar and Mousseau, 2008; Massei et al., 2014,b; Ottomano Palmisano et al., 2016a,b) used a classification into three categories based on the level of integration: indirect, built-in and complete integration. However the only type of integration which allows to use the same database, interface and to access both the MCDA and GIS tools at any time during the analysis, is the complete one (Malczewski, 2010; Massei et al., 2014) . More details on the theoretical ground of integration can be found in Chakhar and Martel (2003) , Chakhar and Mousseau (2007) and Malczewski (2010) .
Real life applications of MCDA-GIS integration have grown significantly in the last twenty years. Several authors focused on the usefulness of application in urban planning (Banai, 2005; Kropp and Lein, 2013; Lombardi and Ferretti, 2015) , sustainable management and planning of forests (Sheppard, 2005; Store, 2009) , catchment basins (Macleod et al., 2007; Prato and Herath, 2007; Kang and Lee, 2011) and ecological areas (White and Fennessy, 2005; Ferretti and Pomarico, 2013) . However, examples of MCDA-GIS strategic sustainable planning applications are still rare (Banai, 2005; Ferretti and Pomarico, 2012; Lopez and Monzon, 2010; Manos et al., 2010; Ottomano Palmisano et al., 2016a,b) . The present work describes a new integrated tool suitable for strategic and sustainable planning: GeoUmbriaSUIT. The case study where the model is applied is Malta, an island state in the middle of the Mediterranean Sea and the southernmost member of the European Union.
GeoUmbriaSUIT can be used at local, regional and national level, for comparing sustainability of different territorial areas. The three dimensions of sustainability are represented by means of a specific set of indicators. Currently, the model we proposed is the first MultiCriteria Spatial Decision Support System (MCSDSS), based on a complete integration of MCDA and GIS, especially developed for evaluating sustainability. As of July 2017, GeoUmbriaSUIT has been downloaded by several scholars and experts within the sector. In particular, the plugin has been installed 13,271 times in total. This has meant that over the last three years the model has been tested at international level on many occasions. It was presented at international conferences (Ottomano Palmisano et al., 2015; Paolotti et al., 2015; Rocchi et al., 2015; Boggia et al., 2016; Paolotti et al., 2016) and the first release of the version has already been applied to an Italian case study (Ottomano Palmisano et al., 2016a) . The version presented here is the stable release.
The paper is structured as follows: after a description of the methodology used (Section 2) and of the case study (Section 3) results and discussions are presented in Section 4. The main conclusions to the study are presented in Section 5 of this paper.
Methodology: the new model GeoUmbriaSUIT
In this section we present our MCDA-GIS model, GeoUmbriaSUIT (http://plugins.qgis.org/plugins/), aimed to evaluate sustainability of certain areas at local, regional or national level using multiple criteria that cover environmental, economic and social aspects. We developed GeoUmbriaSUIT in 2014; it represents an evolution of the model UmbriaSUIT 1.0, 2 developed by Boggia et al. (2007) 2 UmbriaSUIT 1.0 is a monitoring tool of environmental and socio-economic aspects of a territory, for integrating the sustainability principle in local planning, developed in collaboration with Regional Environmental Protection Agency of Umbria (Italy). It was based on a weighted summation algorithm, calculated on two sets of indicators, environmental and socio-economic, obtaining an index of sustainability to compare different territorial areas.
3 Among the many existing capabilities for geographic analysis, there is the possibility of developing tools for customization of the software, by creating plugins. The plugin is a not standalone program that interacts with another program to expand or extend its original functionality, allowing the use of new features not present in the main software.
GeoUmbriaSUIT is basically a plugin, written in python language, which uses the library (set of functions or data structures) made available by the same QGIS to perform the processing requested by the user. In addition to perform the calculations provided by the algorithm evaluation, input and output data can be managed like any other geographic data and the user is free to operate additional geostatistical analysis, geoprocessing operations or reporting. It represents, in fact, the perfect integration of a multi-criteria analysis procedure with the geographical instrument. The type of data processed by the plug-in is the vector format.
Structure of the model
GeoUmbriaSUIT is entirely developed in Python language, using the Application Programming Interfaces (APIs) of QGIS, in versions subsequent to 2.00. Specifically, the graphical interface is based on the "PyQT API", the same used for the QGIS graphical user interface, while the geographic processing modules use the "PyQGIS" interface. Graphic outputs (histograms and "bubble-graph") use the "Google charts" API (https://developers.google.com/chart/), directly accessed by Python to generate an html file, inside of which the synthesis graphs are inserted. The TOPSIS processing model is implemented in python and is part of the "pymcda" library -ver. 0.4, also available as a Python package (https://pypi.python.org/pypi/pymcda/0.4), which code is released under the GNU GPL License -ver. 2 (https://github.com/gmassei/ pymcda).
Also the implementation of the DOMLEM algorithm, for the analysis of results by means of the Dominance Based Rough Sets Approach (Greco et al., 2001a) , is in Python, but its code is not yet available in the pymcda library and accompanies GeoUmbriaSUIT as a standalone module.
Input description
For the sustainability assessment the plugin GeoUmbriaSUIT uses a geographic vector file (e.g. a shapefile), where the graphic data represent the study area and the single evaluation units within it to be compared, i.e. the alternatives (e.g. the regions of a country if we are analyzing the whole national context, or the municipalities of a region if we consider a local context), while the alphanumeric data (attribute  table) , describe the environmental, economic and social aspects related to the evaluation units by means of a set of indicators (criteria).
In relation to the data requested for the functioning of the model, a limited input is required from the user (such as data associated to indicators, and with the weights needed for the weighting process). The interface provides for a set of subsequent screens, in which the user is guided in inserting data initially, and then in performing the multicriteria analysis. Examples of the different screens can be found within the manual.
The multi-criteria algorithm used and indexes obtained
The multi-criteria algorithm that we used within GeoUmbriaSUIT is the well-consolidated and widely applied TOPSIS (Technique for Order Preference by Similarity to Ideal Design) (Hwang and Yoon, 1981) . This method is based on the concept that between all the possible solutions the one with the smallest distance from the best alternative and the highest distance from the worst has to be chosen. Actually, the algorithm defines a ranking based on the distance from the worst point and the closeness to an ideal point, for each of the criteria used. The main steps of the TOPSIS method are reported in the Appendix.
The plugin allows complete personalization. Unless otherwise indicated by the user, the highest value for each criterion becomes the ideal point, and the smallest the worst point, or vice versa, depending on whether the single indicator is considered a cost or gain. Entry of weights can be done directly, if known, or with the use of a pairwise comparison table, which is an optional step; in this way the user is led to define a final vector weight, by means of a repeatable and verifiable path, and the level of objectivity in the determination of the vector weights is increased.
In the implementation of GeoUmbriaSUIT, the use of the algorithm TOPSIS allows to treat individually the indicators representing each of the three dimensions of sustainability (environmental, economic, social), and to compute three different indices, for each geographic unit analyzed: Environmental Index (called EnvIdeal), Economic Index (EcoIdeal) and Social Index (SocIdeal).
Also an optional global index of sustainability can be obtained (SustIdeal), by weighting the values of the three indices that compose it, through the intuitive use of sliding bars. However, using weighting summation to aggregate environmental, social and economic information in a sustainability index, as it is for SustIdeal, has some disadvantages, due to the method used (Rowley et al., 2012) . Using weighting summation to produce aggregated indices has several limitations, in particular is the compensation effect which is generated between the environmental, social and economic aspects (Rowley et al., 2012) . Therefore, indicators generated in this way are closer to the concept of weak sustainability. Indeed, at present the most accepted approach is that of strong sustainability which, according to many authors, is true sustainability (Ekins et al., 2003) . This means keeping each component at a constant value with the material capital and the natural capital being not interchangeable.
Output description
The output of GeoUmbriaSUIT, which were directly projected, implemented and mainly incorporated within QGIS, are both alphanumeric and graphic. According to Monmonmier (1993) when work concerns the interaction among places, words with maps can be far more powerful as a vehicle for scholarly exposition than the same words without maps. The alphanumeric output is the values of the indices, already mentioned. The graphic output consists of maps, cartograms and graphs. The maps show the multi-criteria analysis results for each territorial unit analyzed, therefore the level of environmental, economic and social sustainability of the single alternatives. If choosing to apply the concept of weak sustainability, also a global sustainability map can be obtained, deriving from the weighting process of the three dimensions. The cartograms, instead, show a deformation of the areas investigated, depending on the intensity of the index and on the surface on which it is expressed. The higher the index, and the lower the actual area, the more the area will be distorted in excess, and vice versa.
In relation to the graphs, we implemented three different types of charts, i.e. the stacked (Bar of Sustainability) and flanked (Chart of Sustainability) histograms and the "bubble-graph". In the Bar of Sustainability, the overall height is proportional to the sustainability value of the three indices (EnviIdeal, EcoIdeal, SocIdeal). The three dimensions are added together and there is a global ranking for sustainability. However, the meaning of the Bar of Sustainability is not the same of SustIdeal. The stacked histogram is always produced by GeoUmbriaSUIT and it is always a simple overlapping of each dimension in a bar. SustIdeal is an optional index in which the three dimensions have to be weighted, given more importance to one or another, according to the decision maker's preferences on the relative importance of each one. In the sustainability histogram the three indices are reported one next to the other, without any compensation. The bubble-graph is a particular type of graph, in which the position and color of bubbles provide information about sustainability and its three dimensions. In particular, the x-axis is ordered according to the economic index, the y-axis is ordered according to the social index, the color (from red to green) is ordered according to the environmental index. Examples of the graphs that come out from the model are subsequently presented in the case study.
Back analysis function
In addition to the main path explained above, the plugin has the possibility to implement the DOMLEM algorithm (Greco et al., 2001b) , based on the Dominance Based Rough Sets Approach (DRSA) (Greco et al., 2001a) . In this case, the exemplary cases are the best alternatives found after the analysis. DRSA is not used to get ranking but to extract the decision rules that can explain the positions obtained by the alternatives in the ranking, based on the criteria used. Using it, transparency, traceability and back analysis capability are increased. Traceability means that from the final score it is possible to go back to the rules and from the rules back to the input data. The back analysis is available only for the SustIdeal.
Ultimately, the main steps of the model GeoUmbriaSUIT can be summarized as follows:
1. Definition of a set of environmental indicators (ia1, ia2, ... ian), and entry of relative data. 2. Definition of a set of social indicators (is1, is2, … isn), and entry of relative data. 3. Definition of a set of economic indicators (ie1, ie2, … ien), and entry of relative data. 4. Ranking of the alternatives using the TOPSIS algorithm (including weighing process) separately for the environmental, social and economic results and classification of the territory based on the achieved level of sustainability. 5. Rules extraction through DRSA, for the "back analysis". Fig. 1) is one of the smallest states in the European Union and has one of the highest population densities in the world. With steady economic growth came unsustainable outcomes including increased environmental impacts which threaten the islands' quality of life and subsequently its economy (National Commission for Sustainable Development, 2006) . The islands of Malta are characteristically Mediterranean however the influence of colonial powers over its history marks its culture and governance. Much of its regulations and administrative structures resemble that of Britain, under which Malta was a colony up until 1964. The British also influenced the relatively young planning system even though the Mediterranean setting and culture is evident throughout the islands' urban environment with old historical centers surrounded by recent urban growth within the islands' built-up areas. As a result, protected historical heritage sites lie adjacent to modern development resulting from post-war population growth, and to a certain extent lack of planning (Cilia, 1995) .
Study area and database

Malta (
The institutionalization of planning in the early 90 s allowed for the setting of limits to urban development and the protection of natural landscapes (Planning Services Division, 1992) . The islands districts are therefore characteristic of either heavily urbanized areas with little or no open spaces whilst others enjoy rural and inevitably coastal environments.
The levels of sustainability in the islands of Malta are analyzed at a regional scale. All chosen indicators were collected for the six regions, which divide the islands. Table 1 details and describes the indicators used at regional level as they are divided into three types: environmental, economic and social. The selection of indicators was adapted from Pace (2014) , which in turn was based on previous literature (e.g. Boggia and Cortina, 2010) .
The data collection for all the indicators is reported in Tables 2-4 . Using an effects table (first step in MCA) the impact of particular indicators on the regions was established and by applying standardization (second step), values were transformed into similar measurable units. In order to construct the weighting of each indicator (step three) local decision makers were asked to consider their region and rank the indicators in order of importance. A conventional 1 to 9 point scale (one being the least important and nine the most important) was used in a specific survey which was developed and sent to all the 68 local councils across the islands (Pace, 2014) . Responses were received from 47% of the local decision makers. Using this data, quantitative weights for each indicator in every district was derived according to Saaty A. Boggia et al. Land Use Policy 71 (2018 ) 281-292 (1987 . 
Results and discussion
The environmental, social and economic indicators and weights for Malta's six regions were inputted in the GeoUmbriaSUIT. The outputs produced were alphanumeric and graphic and they present, in a geographical way, the rank provide by the TOPSIS method. Table 6 provides the values for the EnvIdeal, EcoIdeal and SocIdeal. Figs. 2-5 represent the geographical outputs related to each index and to the global sustainability evaluation (SustIdeal). The classification of alternatives is on a 5-classes scale, from very low to very high, for each dimension. The definition of the range for each class is based on a QGIS function, the equal interval algorithm. Maps give a quick and easy understanding of the geographic distribution of the indices, according to the chosen territorial level. Fig. 2 shows the classification of Malta's regions according to the environmental dimension (EnvIdeal). The most representative class is the Medium, with three regions. Only one region belongs to the very high class (Gozo and Comino) and another one (Northern Harbour) belongs to the very low class. Considering the economic indices the situation is different (Fig. 3) . Northern Harbour belongs to the best class (very high) and the other regions are divided between very low (Gozo and Comino; Western; South Eastern) and low classes (Northern; Southern Harbour). SocIdeal shown in Fig. 4 is polarized. Two regions belong to the low classes (Northern) and very low (South Eastern), while the others belong to the high and even very high classes (Western). Global sustainability is represented in Fig. 4 , showing the ranking of SustIdeal. For building the global index, EnvIdeal, SocIdeal and EcoIdeal have been considered equally important. All the regions belong at least to the medium class, except the South Eastern, due to the compensation effect among the three dimensions of sustainability.
Figs. 5-7 show three additional graphic outputs produced by GeoUmbriaSUIT. Each index produced is adimensional and scaled between 0/1. Fig. 5 represents the chart of sustainability, in which the three indices are flanked. Therefore, it is clear how much each dimension is important in each region and there is no compensation at all. The higher the bar the better the performance of the relative dimension. In four regions the best dimension is the environmental one, while in the case of Northern Harbour region EcoIdeal is the best index. Southern Harbour is the only region with a small difference among the three dimensions and it is also the only one with SocIdeal as best index. Fig. 5 does not given a global ranking for the alternatives, since the three indices are not summed up. Fig. 7 reports the bars of sustainability: in this case the three dimensions are considered together and the result can be interpreted as a global ranking for sustainability. However in Fig. 7 you can see the relative importance of the three indices on the final ranking. The scale of Fig. 6 is not 0/1 since it is the summation of the singular indices, but it is again an adimensional one, which can vary between 0 and 3, at most. For instance, the Northern Harbour clearly reaches the first position because of the good performance of EcoIdeal and SocIdeal, while EnvIdeal gives a very little contribution. On the other hand, Gozo and Comino is the second best region because EnvIdeal compensates for EcoIdeal. Fig. 8 , the bubble graph, also allows evaluating the three dimensions at the same time. Information provided by Figs. 6 and 8 are very close but Fig. 8 could be even easier to read. For instance, it shows very clearly the Northern Harbour as being good from a social and economic point of view but unfortunately is bad from an environmental point of view. a Cost and Gain under the weight indicate if the related criteria has to be considered as a cost (the lower the value, the better the evaluation) or a gain (the higher the value, the better the evaluation). A. Boggia et al. Land Use Policy 71 (2018) 281-292 The outputs produced by GeoUmbriaSUIT are very informative and easy to understand by a decision maker. For instance, a decision maker looking at Fig. 8 should realize that regions could be divided into three different groups. Gozo and Comino and Western perform well from an environmental and social point of view; however they are not so good from an economic aspect. Southern East and Northern do not perform well from an economic and social point of view but they have good environmental scores. Finally, Southern Harbour and Northern Harbour are the two regions with the best performance of EcoIdeal, are also good according to SocIdeal but not to EnvIdeal. Such information is helpful for public decision makers to identify different regional needs, implement local politics, tailored on the local need highlighted by sustainability analysis. The possibility to maintain the three dimensions separate avoids the flattening of decision makers' interventions, because there is no compensation among them. Although it is possible to have a global sustainability index (SustIdeal) the decision maker is directly asked to balance the three components. Therefore (s)he is conscious about any compensation effects.
To better understand the compensation effect and the real meaning of SustIdeal, GeoUmbriaSUIT provides the possibility of performing a back analysis. It is possible to understand which dimension impacts more on the final result, trying to limit the above mentioned compensation effect. Therefore, although the weak approach to sustainability is applied, the decision maker can be also aware of the real meaning of the global index. Table 7 shows some of the rules extracted using the back analysis based on the DRSA. Decision rules can be defined as logical statement, very easy to understand since they are in the form of 'If… then…' sentences (Słowiński et al., 2009; Cinelli et al., 2015) . In Table 7 , each rule is represented with the conditions that characterize it, the resulting decision class assignment, and the cases which support A. Boggia et al. Land Use Policy 71 (2018) 281-292 it (Cinelli et al., 2015) . Looking at our case study rules, it is clear that the social dimension has a great importance in determining the global result, probably because the environmental and economic dimensions are more polarized and they have an opposite behavior. In such a situation, SocIdeal is discriminating and the decision maker is aware of it because of this back analysis. As the exemplary case showed, the presence of separate indices and graphic outputs make GeoUmbriaSUIT a readable and transparent tool, in comparison with other existing models that address sustainability assessment. Generally, classical models produce just an aggregate index of sustainability as final result of their calculations (see for example Kropp and Lein, 2012; Lombardi and Ferretti, 2015) , which are often cryptic and difficult to interpret. The Dashboard of Sustainability, developed in the framework of the United Nations Commission on Sustainable Development (UNCSD) is an example of a model providing an overall index of sustainability, aggregating the information, and making the interpretation and the understanding of the results very difficult. As a matter of fact the Dashboard has been defined as a "black box". This is a typical problem that occurs when using evaluation tools for complex concepts such as sustainability, with outputs are represented in a single index. GeoUmbriaSUIT, on the contrary is easy to read, calculating three different indices for economic, environmental and social aspects, and providing several types of graphic outputs (maps, histograms and cartograms) in addition to the alphanumeric ones. Also in comparison to other MCDSS GeoUmbriaSUIT is easier and more flexible. Lopez and Monzon (2010) , for instance, proposed a MCDSS which works with three different indices (Efficiency Score; Cohesion Score; Environmental Score). However, the outputs are limited and the type and number of indicators are also very few making it a fair tool for a limited type of analysis, mostly in the field of sustainable transport, for which it was built.
Differences in sustainability levels are directly influenced by the indicators that are chosen for the research. In order to analyze the results, one must understand and appreciate the chosen indicators. It is therefore important to highlight the use of a set of indicators to determine the levels of sustainable development in a region, rather than to base such descriptions on one or a few indicators. It is interesting to see how the indicators interact together and how these can all help to achieve the required sustainability levels. Thus, having a back analysis is another strength of GeoUmbriaSUIT. Thanks to the application of the Dominance Based Rough Sets Approach (DRSA), it allows the user to analyze each single step that leads to the final result, revealing which A. Boggia et al. Land Use Policy 71 (2018) 281-292 indicators have the greatest impact on the results. This approach allows for a clear feedback organized in a learning oriented perspective, which permits to consider the procedure as a "glass box", contrary to the "black box" characteristic of many procedures giving final result without any clear explanation (Greco et al., 2008) . Another advantage of GeoUmbriaSUIT is the absence of limits for criteria. A minimum or maximum number of criteria is not present and the user can chose all the indicators (s)he consider suitable for her/his analysis. Definitely, the characteristics that all together make the model, in our opinion, efficient and rather innovative are the following:
-It is the first model to assess sustainability through MCSDSS by means of complete integration between MCDA and GIS. In general, partial forms of integration (explained above) are quite common, but the complete integration is still scarcely used. -Because of the complete integration it is possible to use the results of the MCDA analysis for further geographical elaboration.
-The model was specifically projected for performing strategic sustainable planning and policy. -It can be used at any territorial level (from local to supra-national).
-It deals both with the concepts of strong and weak sustainability.
The user chooses which approach to apply. -The interface is very simple, intuitive and guides the user in performing the analysis. This allows the model to run easily, even for not experts in GIS or MCDA. -A back analysis through DRSA (Greco et al., 2001a) One of the major limitations of the current version of GeoUmbriaSUIT is the implementation of just one MCDA method. In a MCSDSS, the presence of more than a single algorithm is a big advantage, because it enables the use of the best method according to the problem at hand (Massei et al., 2014) . However, the addition of new algorithms to GeoUmbriaSUIT is a further development envisaged for the model. Moreover, when using TOPSIS, the possibility of encountering the problem of rank reversal must be taken into account. García-Cascales and Lamata (2012) propose a modification of the method in an attempt to resolve this problem.
Another further development of GeoUmbriaSUIT is the possibility to handle multiple stakeholder preferences, directly inside the system. This can reduce the splitting bias in the weighting phase (Montibeller and Winterfeldt, 2015) , which is one of the major issues of managing uncertainty in MCDA. Uncertainty is always present in decision making, therefore reducing it is a requirement for researchers (Fischhoff and Davis, 2014) . This additional function would be of significant value to the GeoUmbriaSUIT model.
Conclusions
In this paper we presented our model for sustainability assessment based on the integration of Multi-Criteria Decision Analysis with Geographic Information Systems. This model helps the complex process of assessing the level of sustainability of a certain area. The model was demonstrated using a case study, the level of sustainability in Malta's six regions. Our results showed that the integration of MCDA-GIS is an adequate approach for sustainability assessment. Whilst MCDA is an established methodology for understanding complex issues, the use of GIS allows for results to be better understood by policy makers, who might not be experts and require understandable outputs. In addition, the evaluation path used in the proposed method is traceable and transparent. The model is also developed respecting the principle of strong sustainability, because three sets of indicators have been used, and they were separately considered for the economic, social and environmental assessment, in order to avoid compensation between the three dimensions of sustainability.
Sustainability studies allow decision makers to make informed decisions, be effective in terms of actions and policies, and apply the required focus on measures for sustainability. Understanding the different factors, social, environment and economic, affecting sustainability allows policy to identify areas and measures to be implemented where there is the most need. Integrated methodologies which allow the use of a number of indicators using a geographic approach improve the results of sustainability studies since the spatial focus allow for a better representation of actions according to the local, regional and national levels. This study has shown that, even within a small geographic area, spatial differences at regional levels identify the need for sustainability strategies which are not homogenous across a single territory at a national scale. The effectiveness of national policies which are widely applied through the territory depend on the regional characteristics. The proposed model identified specific needs in different areas.
Future research can include the testing of different multi-criteria methodologies integrated within GeoUmbriaSUIT. This would allow the study of properties and sensitivity and the identification of the most suitable methods for the use within the model. The presence of a wide range of methods enables the user to choose the best algorithm for each problem: the selection of the right one is still an open question in decision making.
Beside the good responses and the positive features underlined in the discussion section, this proposed model has a number of constraints, which are mainly related to the data and the choice of indicators. It became evident during the research that changes in indicators can have significant impacts on the results. However, in some cases this could even be seen as a positive issue. As a matter of fact, the model is not designed to be an automated data input-results output tool. It is a model to support policy makers in their decisions, coming from specific programs and political orientations. It means that decision makers can and have to choose the environmental, social and economic aspects to take into considerations in their analysis, thus the indicators. As a consequence, the indicators set can change, depending on the problem to solve.
